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 Theory of elasticity

 Determining internal forces and deformations at all points subjected to 
external forces

 To obtain general solutions for complex loading and geometry

Pressure Vessels and Axial Loading Applications

 Mechanics of materials

 Real structural elements are analyzed as idealized models subjected to 
simplified loading and restraints

 To obtain approximate solutions
 Practical to most design problems

 Deformations of axial loaded members

 Uniform member

 Multiple Loads/sizes
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 Nonuniform deformation (Varying axial force or geometry)

- Axial strain : 

- Incremental deformation :

- Hooke’s law :
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(Example) Rigid yokes B and C are fastened to 2-in square steel (E=30,000 ksi) bar AD. 
Determine (a) maximum normal stress in the bar (b) change in length of the 
segment AB (c) change in length of segment BC (d) change in length of complete 
bar.
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(Example) Determine (a) elongation of the bar due to its own weight W in terms of W, L, 
A and E (b) elongation of the bar if the bar is also subjected to an axial tensile 
force P at its lower end

(Sol)

Axial force is a function of x, the distance from the free end of the 
bar.
The weight of the segment is
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(a)

(b) Elongation would be found using the method of superposition.
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 Deformations in a system of axially loaded bars

 Determining axial deformations and strains in pin-connected deformable bars

 Axial deformations of the bars in the system through a study of geometry of 
the deformed system
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In a similar manner

Axial deformation in the bar AB 

Axial deformation in the bar BC 
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 Statically indeterminate axially loaded members

 Statically determinate system

- reactions at supports and the forces in the individual members can be 
found by solving equilibrium equations

 Statically indeterminate system

- equilibrium equations are not sufficient for the determinations of reactions 
at supports and the forces in the individual members

- additional equations involving the geometry of deformations are needed
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(1) Assume that cable and lever are rigid
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(2) Assume that cable is deformable
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(Example)  The cable is rigid.
If W=100 lb, a=30 in, R=15 in,  therefore T=200 lb

(Example)  The cable is a 3/32 in diameter steel (E=29,000 psi) wire.
If W=100 lb, a=30 in, R=15 in, L=45 in,

Then =0.002997 rad=0.1717 deg, therefore T=199.999 lb
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(Example)  The cable is a 3/32 in diameter aluminum (E=10,600 psi) wire
If W=100 lb, a=30 in, R=15 in, L=45 in,

Then =0.00820 rad=0.4698 deg, therefore T=199.993 lb.
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Tension in the wire changes very little when the stiffness of the wire is 
changed by a factor of almost 3 and both values are essentially the same as 
that obtained using rigid wire assumption.
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(Example) A ½-in diameter alloy-steel bolt (E=30,000 ksi) passes through a cold rolled 
brass sleeve (E=15,000 ksi). The cross sectional area of the sleeve is 0.375 in2.  
Determine the normal stresses produced in the bolt and sleeve by tightening the 
nut ¼ turn (0.020 in).
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The FBD contains two unknowns : statically indeterminate
As the nut is turned, 0.020 in, if the sleeve is not present.
If sleeve is present, the movement is resisted.

Tensile stress in the bolt and compressive stress
in the sleeve
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 Thermal effects

 When temperature change takes place while a member is restrained, thermal 
stresses are induced in the member
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 If the temperature of the bar increases (T positive), the induced stress 
must be negative and the wall must push on the ends of the rod.

 If the temperature of the bar decreases (T negative), the induced stress 
must be positive and the wall must pull on the ends of the rod.
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(Example) The 10-m section of steel rail (E=200GPa, =11.9x10-6/oC) has a cross 
section of 7500mm2. Both ends of the rail are tight against adjacent rigid rail. 
For increase in temperature of 50oC, determine (a) the normal stress in the rail 
(b) the internal force on the cross section of the rail.

(Sol)    Since temperature increases, the deformation shown
in figures are reversed.

)(0.119)10(0.119
)10200)(50)(109.11(

0

26

96

CMPamN
ET

L
E

LT

LLTTtotal













 (a)

)(893)10(5.892
)10)(7500)(10(0.119

3

66

CkNN
AF



 (b)

Pressure Vessels and Axial Loading Applications



Advanced Materials & Smart Structures Lab.
금오공대기계공학과 윤성호교수

 Stress concentrations

 If there exists a discontinuity in the structural or machine element, the stress 
at the discontinuity may be considerably greater than the nominal stress on 
the section

 Stress concentration factor (K) : Ratio of the maximum stress to the nominal 
stress 

 Maximum normal stress

A : gross area or net area depending on the 
value used for  K
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Stress distributions based on theory of elasticity

 : uniform tensile stress in the plane in the regions far from 
the hole
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The localized nature of a stress concentration can be evaluated by the consideration 
of tangential stress along the x-axis
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(Example) Machined part is 20-mm thick. Determine the maximum safe load P if a 
safety factor of 2.5 with respect to failure by yielding is specified.

(Sol)
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The yield strength is 360 MPa.
The allowable stress based on safety factor of 2.5 is 360/2.5=144MPa
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At the fillet,

kNP 9.78max 
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 Thin-walled pressure vessels

 Thin-walled when the ratio of the wall thickness to the radius of the vessel is so 
small that the distribution of the normal stress on a plane perpendicular to the 
surface of the vessel is uniform throughout the thickness of the vessel

 If the ratio of the wall thickness to the inner radius of the vessel is less than 0.1, 
the maximum normal stress is less than 5% greater than the average

(1) Spherical pressure vessels
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Axial (or meridional) stress in a sphere
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(2) Cylindrical pressure vessels
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From a summation of forces in the x-direction

(3) Thin shells of revolution

t
p

rr t

t

m

m 


Pressure Vessels and Axial Loading Applications



Advanced Materials & Smart Structures Lab.
금오공대기계공학과 윤성호교수

(Example) Cylindrical pressure vessel with inside diameter of 1.5m is constructed by 
wrapping a 15mm thick steel plate. The butt welded seams form an angle of 
30deg with a transverse plane through the cylinder. Determine the normal stress 
and shear stress when the internal pressure in the vessel is 1500kPa.
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(Example) Cylindrical pressure vessel with inside diameter of 1.5m is constructed by 
wrapping a 15mm thick steel plate. The butt welded seams form an angle of 
30deg with a transverse plane through the cylinder. Determine the normal stress 
and shear stress when the internal pressure in the vessel is 1500kPa.
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 Determining  m

 Determining  t
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(Homework)

(5.4), (5.19), (5.49), (5.59), (5.79), (5.100)


